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Technological advance requires a combination of inspiration, insight, and the know-how to
combine already existing tools to create new products. Recent advances in the rapidly moving field
of synthetic biology, discussed in this issue’s Select, are enabling an expansion of our ambitions
to re-engineer life.The designer synthetic chromosome synIII, based
on chromosome III of the budding yeast Saccharo-
myces cerevisiae. Image courtesy of J. Boeke.Synthetic Chromosome, the Abridged Story
The recent design andassembly of the first synthetic eukaryotic chromosome
(Annaluru et al., 2014) inspires great confidence in our burgeoning ability
to engineer life with desired properties and for new purposes. The creation,
called synIII (it was modeled on Saccharomyces cerevisiae chromosome
III), is matched in scale only by previous efforts in bacteria, and its successful
assembly issues a declaration that synthetic biologists need not limit their
ambitions to noneukaryotes or even to single-celledorganisms.Whilemaking
synIII, the authors introduce a bit of judicious streamlining, removing introns,
transposons, subtelomeric regions, and some transfer RNA genes. The
authors additionally introduce 98 loxP sites to flank the genes that are known
to be individually nonessential in order to enable future study of inducible
evolution and genome reduction. With these changes, synIII has a total size
of 272,871 base pairs, substantially shorter (by44k bp) than its native coun-
terpart that it replaces. Indeed, more than 50,000 bp were deleted, inserted,
or changed during the design process, and these are clustered in more than
600 distinct editing events (see image). And yet, the chromosome is fully
functional, has no apparent deleterious effect on cell viability, and is also
stable across many generations. Its robust functionality, despite these
engineered changes, is perhaps the most remarkable facet of the study.
The effort is part of a larger consortium project to create the first whollydesigner eukaryotic genome. Althoughmuch remains left to be done, these results suggest that a synthetic life based on these
engineering principles may be viable and thus amenable to additional modifications and experimental control.
Annaluru, N., et al. (2014.) Science 344, 55–58.The unnatural base pair formed between the
predominantly hydrophobic nucleotides d5SICS-
dNaM is efficiently replicated within E. coli by the
native replication machinery. Courtesy of J. Chin.Adding New Letters to the Genetic Alphabet
Look at a genome, any genome, and what you will see is a nearly endless
string of As, Cs, Ts, and Gs. Malyshev et al. (2014) now break this monotony
by engineering the bacterium E. coli so that it will propagate a pair of unnat-
ural bases. The synthetic bases, known as d5SICS and dNaM, differ from
native bases from a chemical standpoint in that their interaction depends
predominantly on hydrophobic bonds and not the hydrogen bonds of classic
dA-dT and dG-dC pairs. Previous work has shown in vitro that these bases
can be incorporated into DNA, transcribed, and amplified by PCR. However,
moving them in vivo presents challenges, not least of which is how to ensure
that the synthesized nucleotide triphosphates (NTPs) are available for
endogenous polymerases. To overcome this hurdle, the authors exoge-
nously express NTP transporters from algae and show that they canmediate
import of the unnatural NTPs supplied in the media (and further establish an
alteration to the growth media that promotes NTP stability in the bacterial
periplasm). From there, the bacterium takes charge, proving impressively
adept at using the unnatural NTPs to replicate a plasmid that includes the
nonnative base pair. The bacteria appear to grow normally, and the unnatu-
ral base pairs are largely retained as the cultures grow, suggesting that the
bases are not efficiently removed by DNA repair pathways. So, what’s next for the world’s first organism to have six letters
in its genetic code? The authors forecast the construction of orthogonal transcription networks in engineered cells and, even
further down the road, the ability to encode proteins with unnatural amino acids. Given the complexity possible with a code
based on only two pairs of bases, what now, for three?
Malyshev, D.A., et al. (2014). Nature. Published online May 7, 2014. http://dx.doi.org/10.1038/nature13314.Cell 157, May 22, 2014 ª2014 Elsevier Inc. 997
The XTMS interactive platform ranks promiscuous
enzymatic steps, toxicities, and yields to facilitate
exploration of prospective biosynthetic pathways.
Courtesy of J.-L. Faulon.Making Metabolites
Creating useful compounds in microorganisms for industrial and pharma-
ceuticals purposes is a major goal of synthetic biology, but going from idea
to a desiredmetabolite canbe a tortuous path through chemical space, given
that many different routes might theoretically lead to the same endpoint.
Knowing which might work, or work best, requires much trial and error.
To facilitate this process, Carbonell et al. (2014) present XTMS (http://xtms.
issb.genopole.fr), an online platform that researchers can use to explore
prospective biosynthetic pathways. The query process starts with the user
designing or inputting their desired compound. In a subsequent step, poten-
tial paths to making it are ranked, along with specific information on the
number of steps, intermediates, and predictions of maximum available yield.
A graphical interface then allows further exploration of these paths to obtain
ranked lists of genes thatmight be useful for carrying out individual enzymatic
steps. Given XTMS’s flexibility and ease of use, this platform may serve as
the starting point for many projects seeking to make new metabolites and
will provide an outlet for the creative exploration of biosynthetic possibility.
Carbonell, P., et al. (2014). Nucleic Acids Res. Published online May 3, 2014.
http://dx.doi.org/10.1093/narlgku362.Tune in for the Latest in Genetic Circuit Design
Making synthetic genetic modules interact with one another as part of larger circuits usually entails devising links that act via
transcription factors. A disadvantage of this approach is that coupling between modules is relatively slow. A way to speed
things up by an order of magnitude comes from the recent discoveries of Prindle et al. (2014), who devise ameans of coupling
synthetic genetic modules using the host cell’s native degradation machinery. They show that, when E. coli ClpXP has its
native substrate load decreased by H202 treatment, the output of separate genetic modules can be coupled through degra-
dation via engineered tags. Further, changing the linker length upstream of the degradation tag can be used to establish
the phase offset of degradation after the input stimuli. Using this principle of circuit coupling via degradation, the authors
create a system in which clocks with very different time scales act on the same output pathway to achieve multispectral
encoding (an output that encodes features of multiple inputs). This is similar to the information content that can be embedded
in radio waves transmitted at an underlying base frequency (that is, the radio station you tune into). What biological music will
be composed in this new code? Only time can tell. For now, the larger message of the study is that synthetic biologists should
look to host posttranslational processes for support in producing ever more dynamic, elaborate, and useful circuits.
Prindle, A., et al. (2014). Nature 508, 387–391.
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